Posttraumatic osteochondral defects of the distal femur or proximal tibia pose a reconstructive challenge for the young active patient. Fresh osteochondral allografts have been used to reconstruct these defects and this report deals with the long-term clinical and radiographic follow-up in this patient population. This is a prospective nonrandomized study. Sixty patients with an average followup of 10 years received femoral condylar grafts. Twelve grafts failed, requiring removing of the graft in three patients and conversion to total knee replacement in nine patients. Kaplan-Meier survivorship showed 95% graft survival at 5 years and 85% at 10 years. Sixty-five patients received fresh osteochondral allografts to reconstruct the tibial plateau with an average followup of 11.8 years. In this group of patients, conversion to total knee arthroplasty was done in 21 patients at a mean interval of 9.7 years. Survival analysis revealed 95% survival at 5 years, 80% at 10 years, and 65% at 15 years. Through our longterm prospective study, we confirm the value of fresh osteochondral allografts to reconstruct articular defects of the knee in the young active patient.
saicplasty, periosteal grafts, and autologous chondrocyte transplantation are possible options for such patients, although each technique has limitations. 11, 32, 39, 40, 42 Realignment of the limb by osteotomy may not unload the involved area sufficiently and the patient then is left with a large osteochondral defect and ligament pseudolaxity. 25, 33 Abrasion arthroplasty and microfracture techniques lead to the development at best of a hybrid of hyaline and fibrocartilage over the articular surface. 6, 10, 42, 50 Mosaicplasty is limited to small osteochondral defects smaller than 3 cm in diameter and 1 cm in depth, and also requires the sacrifice of cartilage from another area of the joint. 7, 24 Periosteal grafting of defects remains experimental in the clinical situation because there are no long-term studies with large numbers of patients. 42, 43 Finally, autologous chondrocyte transplantation remains an expensive procedure that still is being investigated. It also does not directly address any associated major bone defects. 8, 37, 38 The successful use of fresh osteochondral transplantation now has been documented for several decades. 22, 23, 31, 34, 44, 53 Authors of early studies on allogenic cartilage transplantation showed this tissue to be immunologically privileged, showed fresh grafts to have hyaline cartilage, and showed that surviving chondrocytes were present several years after implantation. 14, 15, [28] [29] [30] 35, 41 Since 1972, the senior author and other colleagues have done this procedure successfully in patients with osteochondral defects larger than 3 cm in diameter and 1 cm in depth. A clinical followup study 23 as early as 1975 showed successful early outcomes, and in 1985, success was achieved in 75% of patients 5 years postoperatively. 34 More recently, authors found 95% survival at 5 years, 71% at 10 years, and 66% at 20 years. 19 It was learned that older patients, bipolar transplants, improper loading of the graft, and grafts for osteoarthritis-induced and steroidinduced avascular necrosis do not lead to good long-term outcomes. 19, 34 In the past, results of femoral condylar grafts and tibial plateau grafts have been reported together. 19 However, more recently, the results of femoral condylar grafts have been reported separately from tibial plateau grafts, 2, 49 and for the purpose of this paper we will report the results separately as well. The reason for this is the difference in the pathology and demographics of the two groups of patients. Also, other cartilage repair techniques are more commonly done on the femoral side than the tibial side, and therefore comparison between our indications and results on the femoral side can be compared with mosaicplasty and autologous chondrocyte transplantation. This is the first time that we have reported the long-term results on both the femoral and tibial sides as part of the same paper. We think this will give a better overview of our long-term results with this challenging reconstructive problem. The purpose of this paper is to examine the longterm clinical and radiological results as well as the survivorship of fresh osteochondral allografts for posttraumatic defects around the knee.
MATERIALS AND METHODS
In 1972, the first fresh osteochondral allograft was used for a posttraumatic tibial plateau defect of the knee. A prospective database was established in order to document the clinical and radiographic results as well as the survivorship of this operative procedure. This was not a randomized study because the patients had considerable osteochondral defects of the knee, and based on their ages and former levels of activity, they were not considered to be candidates for total knee replacement. Also, because of the size of the defect, they were not considered to be candidates for realignment osteotomy. Cases were recorded with clinical, radiographic and patient-derived subjective data. Eligible recipients were younger than 60 years and had traumatic unipolar osteochondral defects of at least 3 cm in diameter and 1 cm deep. Donors were younger than 30 years and were obtained through the Multiple Organ Retrieval and Exchange Programs (MORE). The harvested knee with its capsule intact was stored in Ringer's lactate with 1 g of cefazolin and 50,000 units of bacitracin for a maximum of 72 hours at 4°C. Donors were matched by size and morphology using standardized radiographs. Neither tissue typing nor blood matching was done. The American Association of Tissue Banks Guidelines were adhered to. 26 The long-term clinical outcomes and survival analysis are presented for patients with a minimum of 5 years from the time of osteochondral allograft transplant surgery for posttraumatic unipolar defects. These patients are part of the same cohort as was previously published in 1997. 19 A search was done on the computerized database for patients with unipolar posttraumatic osteochondral transplant to the knee between 1972 and 1995. These charts then were reviewed for demographic, diagnostic, and surgical details. A modified Hospital for Special Surgery (HSS) score (Table 1) routinely was used to record patient outcomes at each clinic visit. 34 Patients lacking outcome data within the past 12 months were contacted at their last known telephone number and a followup visit was arranged or a questionnaire was administered using the telephone. Referring physicians also were contacted to obtain recent 3-foot standing and routine radiographs of the knee.
The surgical team was composed of two groups: one group prepared the graft while the other prepared the recipient. Exposure of the recipient's knee is done through a midline skin incision followed by a parapatellar arthrotomy to expose the affected condyle or plateau. The damaged area is resected to bleeding bone while the donor fragment is trimmed to fit the defect created. The grafts are fixed with partially threaded 3.5-mm cancellous screws. The use of titanium screws is advised because of their increased MRI compatibility.
During surgery, the meniscus is evaluated. When the meniscus overlying the tibial plateau has been significantly damaged, it is resected and replaced with the attached allograft meniscus from the donor plateau. Already attached to its own bony anchors, the meniscus is repaired to capsule by nonabsorbable sutures. For the femoral condylar grafts, if the meniscus is damaged or absent, allograft meniscus is attached to capsule by several nonabsorbable sutures. Realignment of the involved leg is done to unload the graft where standing radiographs indicated that the weightbearing axis would pass through the compartment with the transplant. When measuring the biomechanical axis, any degrees of deformity toward the diseased compartment were an indication for osteotomy. Lateral-closing-wedge, high-tibial osteotomy is done for valgus realignment and a medial-closingwedge, distal-femoral osteotomy is used to realign the limb into varus when necessary. 20, 21 It is our policy to do the osteotomy during the same operation as the transplant is done. If the oste- Patients were assessed preoperatively and postoperatively using the modified HSS score, which tabulates data from clinical and patient-derived fields (Table 1 ). This knee rating system 34 has been used previously to determine knee function in our past reviews of fresh osteochondral grafting procedures. Patients were contacted and examined clinically and radiographically. In cases in which geographic constraints prohibited clinical examination in person, examination was completed by a local orthopedist, with questionnaires and radiographs being returned by mail.
Evidence of graft nonunion, fragmentation, collapse, resorption or the presence of degenerative changes was recorded. Joint degeneration was considered mild in which more than 50% of joint space was maintained and neither subchondral sclerosis nor osteophytes were present. Moderate changes involved collapse of greater than 75% joint space, mild subchondral sclerosis and 1 to 2 osteophytes. Severe degenerative changes involved complete loss of joint space, subchondral sclerosis, and multiple osteophytes.
2 Two independent orthopedic surgeons reviewed radiographs and where discordance existed, the greater degree of degenerative changes was recorded.
T tests and analysis of variance (ANOVA) were used to evaluate factors, which lead to poor clinical outcomes. KaplanMeier statistics were used to determine survivorship. 27 Survivorship was defined as graft removal, the need for arthroplasty, or HSS score of less than 70. Logistic regression was used to evaluate factors that potentially could predict poor graft survival such as patient age, gender, affected side of the transplant (medical versus lateral), meniscal transplant, and the need for osteotomy. 
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RESULTS
Between 1972 and 1995, 72 osteochondral allograft transplants of the femur were done at the Mount Sinai Hospital in Toronto. Three patients died for reasons other than those associated with the transplant procedure. Of the remaining 69 patients with more than 5 years of followup, 60 (87%) were contacted and up-to-date scores were obtained. There were 48 (80%) men and 12 (20%) women, with an average age of 27 years (range, 15-47 years) at the time of surgery. The etiology of the osteochondral lesions was trauma in 36 patients (60%), osteochondritis in 17 patients (28%), osteonecrosis in six patients (10%), and osteoarthritis in one patient (2%). The left knee was transplanted in 29 patients (48%) and the right knee was transplanted in 31 (52%). The medial femoral condyle was involved in 30 patients (50%) and the lateral femoral condyle was involved in 30 (50%). In 10 (17%) cases, the patient's meniscus was damaged to such an extent that meniscal transplantation was done at the time of surgery. Realignment was done in 41 patients (68%), with a hightibial osteotomy done in 25 patients (61%) and a distalfemoral varus osteotomy done in 16 (39%). The average followup was 120 months (range, 58-259 months).
In this series of patients that received distal femoral osteochondral allografts, the clinical results and survivorship studies were considered to be very encouraging at an average of 10 years followup. Of the 60 patients in this study, 12 had failed grafts (20%). Of these 12 patients, three patients had graft removal alone and nine patients had graft removal accompanied by total knee arthroplasty ( Table 2) . One case of deep infection (Patient 19) resulted in early failure with graft removal at 6 months. This represents the only case of deep infection in the current study. Three grafts failed at fewer than 5 years and one graft failed at 6 years as the result of graft fragmentation and collapse. The remaining nine grafts failed at greater than 5 years as the result of late osteoarthritic degeneration of the joint (Table 2 ). These nine grafts united to host bone with no fragmentation or resorption. There was complete loss of cartilage from the grafts. Joint incongruity was not identified as a causative factor in the 12 failed cases. Survival analysis using the Kaplan-Meier method revealed 95% survival at 5 years (95% confidence interval, 62%-100%), Clinical Orthopaedics and Related Research 85% survival at 10 years (95% confidence interval: 41%-100%), and 74% survival at 15 years (95% confidence interval: 16%-100%). Only 24 patients remained able to be analyzed at 10 years, and 12 patients at 15 years. Of the 48 remaining patients, the mean modified HSS score was 83 of a possible 100 points. An excellent or good score was achieved in 29 patients (61%) and 11 patients (23%), respectively, whereas four (8%) patients had a fair score and four (8%) had a poor score.
No association was found between graft failure and the need for meniscal transplant, limb realignment, or positioning of the graft on the medial or lateral condyle. Also, in this study population the underlying etiology for the osteochondral defect did not have a bearing on the longterm outcome.
Radiographic evaluation revealed that the majority of patients still maintained an adequate joint space and had not gone on to severe arthritis. Of the 38 patients with adequate radiographs, 18 (48%) had no arthritis or mild arthritis, 10 (26%) had moderate arthritis, and 10 (26%) had severe arthritis. Radiographic evidence of arthritis on radiographs was associated with the long-term HSS scores. Patients with severe arthritis had lower HSS scores compared with patients with moderate (p ‫ס‬ 0.01), mild (p < 0.02), or no arthritis (p ‫ס‬ 0.02). Radiographic evidence of graft sclerosis and fragmentation was seen in nine patients (24%) whereas nonunion was observed in two patients (5%). Four of the nine patients with radiographic evidence of fragmentation required removal of the graft in fewer than 6 years. In the remaining patients, the graft appeared structurally intact and well united to the host bone.
For the tibial plateau grafts, followup was obtained for 65 of 67 patients (97%) with two patients being lost to followup after less than 1 year. One patient included in the study was lost to followup at 10.8 years after surgery and five patients died from unrelated causes after at least 5 years of followup. The average age of the 29 men and 36 women who were able to be followed up was 42.8 years (range, 26-69 years). Allograft reconstruction was done at an average interval of 4.0 years from trauma (range, 0.7-34 years). All patients had tibial plateau fractures, with most having previous open reduction and internal fixation.
The tibial defects were on the lateral side in 54 patients and on the medial side in 11 patients. Fifty-four of 65 patients (83%) had previous surgery on the same limb that was operated on in our study (Table 3) , with the average number of procedures being 1.3 (range, 0-5 procedures). A list of postoperative complications and additional surgical procedures also is documented (Table 4) . A meniscal allograft was used in 39 patients (60%), with 32 lateral and seven medial menisci being transplanted. Realignment osteotomy was done in 38 patients (58%). Distal femoral varus osteotomy was used in 26 patients and closingwedge high-tibial osteotomy was used in 12 patients.
In the group of patients who had received tibial plateau osteochondral allografts, the clinical results and survivorship were similar to those patients who had received femoral condylar grafts. Sixty-five patients with an average age at osteochondral grafting of 42.8 ± 10.3 years (range, 26-69 years) were followed up for an average of 11.8 ± 5.0 years (range, 2-24 years). Followup of fewer than 5 years in several patients represented patients who had early conversion to total knee arthroplasty. A survivorship analysis (Kaplan-Meier life table) was used to predict the length of time that grafts remained intact and functioning. Study endpoints to define survivorship were (1) a patient's decision to proceed with knee arthroplasty, (2) the HSS score falling below 70 points or (3) revision surgery on the allograft for any reason. This analysis showed 95% survival at 5 years (95% confidence interval: 90%-100%); 80% survival at 10 years (95% confidence interval: 69%-90%); 65% survival at 15 years (95% confidence interval: 51%-79%), and 46% survival at 20 years (95% confidence interval: 28%-65%).
At the end of the study period, 44 of 65 grafts (68%) were in situ and functioning with an HSS score greater than 70 points at an average of 12.9 ± 5.1 years. Conversion to knee arthroplasty occurred in 21 patients at a mean interval of 9.7 ± 4.4 years (range, 2-17 years) and two patients had HSS scores of fewer than 70 points. The mean HSS score for intact grafts at the end of the study period was 85.3 ± 11.0 points. A meniscal allograft was used in 39 patients (60%). We were unable to identify differences in radiographic joint degeneration or HSS scores on the basis of meniscal transplantation in surviving grafts.
Radiographs were reviewed in 35 of 44 patients with intact grafts at the end of the study period (80%). There was radiographic union of the allograft to host bone in all cases. There was an 8.5% incidence of graft collapse in excess of 3 mm. Radiographs revealed no degenerative changes or mild degenerative changes in 61% of patients, with 39% having moderate or severe degenerative changes. Alignment of the limb was neutral in 55% of the patients, overcorrected in 32% of patients, and undercorrected in 13% of patients.
Degenerative changes on radiographs were compared with features such as gender, number of operations before the transplant, the presence of an osteotomy, HSS score and length of time that the graft remained in situ. Although some patients with severe degenerative changes had good HSS scores, on average, HSS scores decreased among patients classified as having more severe degenerative changes (p < 0.001; Table 5 ).
Doing a realignment osteotomy did not affect the degree of degenerative change in the knee or the HSS score of patients with intact grafts. The timing of realignment surgery suggested that patients who had a coincident osteotomy with grafting had an improved HSS score ( Table  6 ). The HSS score and the degree of degenerative change were not correlated with the maintenance of an overcorrected alignment at final followup in patients with intact grafts. Gender and age at the time of index surgery were not correlated with HSS score or the degree of joint degeneration at final followup.
DISUSSION
The role of fresh osteochondral allografts for posttraumatic joint defects still is being defined even though encouraging mid-term to long-term results have been published. [3] [4] [5] [12] [13] [14] [16] [17] [18] [19] 22, 23, 31, 34, 36, 45 Advances in other techniques for cartilage repair and resurfacing have reduced the role of allograft tissue transplantation to larger defects. [6] [7] [8] 11, 24, 32, 37, 40 Pure chondral defects smaller than 3 cm in diameter can be treated by microfracture techniques, autologous chondrocyte transplantation, osteochondral autografts (mosaicplasty), or periosteal autografts. [6] [7] [8] 24, 37, 39, 43 Many of these techniques also may be used to treat defects extending into the subchondral bone (osteochondral defects) when they are smaller than 3 cm in diameter and 1 cm deep. Defects larger than 3 cm in diameter or 1 cm deep are more suited to osteochondral allograft transplantation because of the magnitude of cartilage and subchondral bone missing. When such a large defect exists in the weightbearing portion of the joint, patients are more likely to become disabled than those with smaller defects, who are candidates for other resurfacing procedures. Authors of previous studies compared the Short Form-36 scores of 47 patients with transplants to large articular defects to normative data from an agematched group. 1 At an average of 12 years followup, the patients with transplants had favorable results in every category, and 93% considered their operation a success. The greatest discrepancies in the Short Form-36 scores were in the categories of physical functioning and "role physical." Despite this, these patients returned to a normal lifestyle including participation in leisure sports, but not in competitive sports.
There are several advantages in using allograft tissue to repair osteochondral defects. No morbidity exists at the harvested area because the tissue is harvested from a deceased organ donor. The exact size and shape of the osteochondral defect also may be duplicated using allograft tissue, and the use of many grafts with healing seams is obviated. Studies on the long-term viability of transplanted allograft hyaline cartilage have shown up to 50% viable 41 The longest confirmation of chondrocyte viability at our institute is 17 years posttransplantation of a medial femoral condyle graft done for a giant cell tumor. 35 Clinical and radiographic outcome studies with up to 10 years followup have been published showing good outcomes. 12, 13, 16, 19, 45 Disadvantages also exist with the use of osteochondral allograft tissue. A well-organized transplant program is necessary to coordinate the logistics of obtaining fresh tissue and doing the surgery within 48 hours. The surgery cannot be done on an elective basis given the uncertainty of donor availability. Disease transmission in fresh allograft tissue remains a concern despite proper screening according to the American Association of Tissue Banks guidelines. 26 Risks are described to prospective recipients as equal to those for homologous blood transfusion (human immunodeficiency virus risk of 1 in 493,000, hepatitis C risk of 1 in 103,000, hepatitis B risk of 1 in 63,000), 9 ,26,48 although we think that the true risk in osteochondral allografts is lower.
Chondrocyte viability in fresh allograft transplants is maintained by synovial bathing of the hyaline cartilage. Revascularization and gradual substitution of the allograft bone with host bone takes place on the osseous side of the transplant for several years depending on the size of the fragment. Cryopreservation of osteochondral fragments was attempted in the past because this diminishes the uncertainties of transplant organization and possible disease transmission. Studies on chondrocyte survival in cryopreserved articular cartilage have shown decreased cell viability after transplantation. 46, 47, 51, 52 We have chosen to use fresh tissue despite the mentioned disadvantages, because up to 50% functioning chondrocytes within a matrix of hyaline cartilage have been shown on retrieval. 15, 41 In the current study, we were able to obtain followup on 60 of 69 patients (87%) who were a minimum of 5 years from the time of their transplantation surgery. Nine patients (15%) were lost to followup because of an international study population, and many patients were more than 10 years past the date of surgery. Despite these circumstances, we are satisfied that a sufficient number of cases was obtained to give a representative sample of osteochondral transplant patients an average of 10 years after surgery. Excellent long-term survival has been shown, with 85% (confidence interval 41%-100%) of patients surviving without additional surgery as many as 10 years after transplantation, and a projected survivorship of 74% (95% confidence interval 16%-100%) at 15 years. Of the 12 patients with greater than 15 years of followup, only four have had failed results. These results are in keeping with the findings in an earlier survivorship analysis, which predicted 71% (95% confidence interval: 60%-95%) of patients with intact grafts at 10 years. 19 However, this latter figure is based on a patient population in which femoral and tibial sided transplants were done. Of equal importance is the mean 10-year HSS score of 83 points, with 84% of patients reporting good or excellent overall outcomes. The mean score for pain was 28 points (mild pain for which the patients required occasional analgesics) and most patients were able to walk farther than 1 mile with few problems. Again, these results are in keeping with those previously reported. 5, 19, 34 In past studies on fresh osteochondral transplantation to the tibia and femur, it was determined that bipolar grafts, ligamentous instability of the knee, and grafts for osteoarthritis or steroid induced osteonecrosis all lead to poor outcomes. 4, 5, 31, 34, 41 In the current study, we only studied monopolar transplants, because bipolar transplants are no longer done. We think that the presence of disease on both sides of a given compartment is a contraindication to fresh allograft transplantation. We also consider the presence of arthritis (which in most patients will involve both sides of the joint) a contraindication for this treatment. The graft in the one patient in this study in whom a transplant was accomplished for osteoarthritis failed at just more than 6 years. No association was found between the remaining etiologies and graft failure or clinical failure on long-term followup.
Limb alignment was found in an early study to have a significant bearing on patient outcomes. 41 Realignment of the extremity such that force transmission occurred through the knee compartment opposite the transplant was found to improve outcomes. For approximately 20 years, we have done realignment optimally at the time of transplantation. The success of this practice is seen in the current study, in that patients needing realignment surgery had equal outcomes to those who did not need realignment surgery.
In the current study, we have shown encouraging results achievable with fresh allograft transplantation to the femoral condyle. At 10 years followup, 85% of the grafts have survived, and most patients report good function. This procedure remains an important treatment option in addressing large osteochondral defects in young, active individuals.
We reviewed the minimum 5-year results of fresh osteochondral allografts for posttraumatic, unipolar tibial plateau lesions in young, high-demand patients. All patients previously had tibial plateau fractures that had been treated by conventional means. At the time of referral, many patients had been considered for knee arthroplasty. Although there have been recent advances in other domains of biologic reconstruction for cartilage lesions, there does not seem to be an alternative solution for plateau defects as large as 3 cm in diameter and 1 cm deep.
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We made use of osteotomies in 58% of patients when the weightbearing axis passed through the compartment that was to receive the allograft. The osteotomy decreased the force that passed through the graft during weightbearing activities. Among patients with osteotomies, improved results were seen when realignment preceded or coincided with the allograft surgery. In patients with intact grafts, improved HSS scores were noted with early realignment (Table 6 ). Among patients with failed grafts, conversion to knee arthroplasty was delayed by early osteotomy.
Of the 58% of patients with osteotomies 73% were done coincident with grafting. We think that when an adjunctive osteotomy is required, it should be done at the same time as the transplantation procedure. Delayed osteotomy should be reserved as a salvage procedure for a deteriorating graft when the mechanical axis passes through the grafted compartment in very young patients. Among patients with intact grafts, the mechanical axis remained overcorrected in 32% of patients, neutral in 55% of patients, and undercorrected in 13% of patients. Noting that all misaligned limbs in the study had corrective osteotomy in this study, on final review we could not demonstrate a difference in HSS scores or joint degeneration among intact grafts on the basis of whether an osteotomy was done.
A trend indicated better survivorship in patients who had meniscal transplantation along with the osteochondral allograft. Patients with meniscal allografts who required conversion to total knee replacement required arthroplasty at an average of 10.4 years in comparison with 7.1 years in patients without a meniscal transplant (p ‫ס‬ 0.08). A selection bias in the study favored the group that did not receive a meniscal transplant because only patients with the most damaged menisci (often with corresponding focal chondral damage to the femoral condyle) had meniscal transplant. Before a review of this data, we had a strong predilection for debridement and retention of the host meniscus. We now think that increased use of meniscal allografts is warranted.
Good to excellent results on the basis of HSS scores were found in 86% of patients at an average of 12 years followup (range, 5-24 years). Only 39% of knees had moderate to severe degenerative changes at final followup. A correlation between severe degenerative changes and HSS score was identified. The HSS score did not degrade over time in the absence of degenerative changes.
Conversion to total knee replacement is a salvage procedure for the deteriorating graft. It occurred in 1 ⁄3 of the patients an average of 10 years after the allograft surgery. Conversion to total knee replacement many years after an allograft does not indicate failure of the procedure. Kaplan-Meier survivorship statistics showed a survivorship of 80% (10 years) and 65% (15 years). A trend revealed increased survivorship (p ‫ס‬ 0.008) among patients who had meniscal transplantation in conjunction with osteochondral grafting. We think that procedure successfully provides an enduring stable and functional knee in young, high-demand patients. The presence of the tibial allograft did not make knee arthroplasty technically more difficult. We showed that in relatively young patients with a large tibial defect after a plateau fracture that has failed conventional treatment, osteochondral allograft implantation could delay total knee arthroplasty for a long time while providing the patient with functional use of the knee.
